We determined normative values for the visual sensitivity threshold in 118 children aged 5 -8 years, using automated static perimetry (Octopus 2000R, program 32). In addition, 17 normal adults were tested. The children first underwent a familiarization procedure. One week later, quantitative examination was performed according to a specially designed schedule divided into three phases. For each of the 76 points tested, mean thresholds and standard deviations were calculated as a function of age. In contrast to previous studies, sensitivity difference between adults and children over the central 30°of the visual field emerged only for the youngest age groups (5-and 6-year olds). Both the response rate in false-negative trials, and values of a within-subject threshold variability index, suggested that 5-and 6-year-olds' higher thresholds were inflated by non physiological factors, such as vigilance and cognitive processes. For these ages, the data reported here should therefore be considered as an approximation of the upper level of the thresholds. In contrast, our results for 7-and 8 year-old children provided reliable normative values for light sensitivity across the visual field.
Introduction
Automated static perimetry (ASP) is currently the standard method for visual field examination. In adults, reliable normative data are available and the influence of age on sensitivity has been well described [1 -6] . However, normative values for children have not yet been adequately defined, and it is still debated whether the visual field undergoes developmental changes during childhood. Using a Goldmann perimeter, Lakowski and Aspinall [7] suggested that 6-year-old children have a narrow tunnel vision equivalent to 15°around the fovea, which progressively extends to about 30°at 8 years, and reaches adult values at about 11 years. Peripheral sensitivity in 6-year-olds [8] and 7-year-olds [9] has been reported as being lower than in young adults. Wilson et al. [10] also observed an enlargement of the visual field of 7°per year between 4 and 12 years.
On the other hand, Whiteside [11] found no difference in field size between children aged 6-9 years and adults.
Methodological factors, including stimulus parameters, background illumination, testing procedures, and size of the experimental population, may account for some of cross-study differences. However, other subjective sources of variability may be involved. Lack of familiarity with the task, reliability, reduced vigilance, and fatigue are known to affect threshold evaluation [12] [13] [14] [15] [16] [17] [18] [19] . The same sources of variability are likely to affect the test in children. Indeed, by evaluating the ability of children aged 5-8 years to undergo ASP [20, 37] , we found evidence of aged-related changes in learning, vigilance, and endurance, which led to variations in reliability throughout the procedure.
Finally, developmental changes in visual sensitivity may also be related to cognitive processes that allocate attentional resources across the visual field. In Part I [20] , the probability of missing supra-threshold stimuli throughout the examination concerned mostly locations with high eccentricity, suggesting that fatigue may manifest itself as a reduction in size of the attentional field. Insofar as selective attention is closely related to oculomotor control [21] , perimetry places the subject in a conflict situation, being required to dissociate fixation from attention. Children below the age of five seem unable to inhibit reflex saccadic fixations effectively [22] [23] [24] . Moreover, the ability to contract and expand the attentional focus has been found to improve with age [25, 26] . In adults, there is now convincing evidence that attention modulates visual sensitivity [27, 28] and oculomotor performance [29] . The likelihood of a target appearing at a certain location affects both the probability of detection, and the accuracy of the saccadic capture of the target. In children, the effect of attention on thresholds was mentioned by Aspinall [9] , to explain why 7-year-old children performed better when targets were presented at only one location than when they could appear at two locations (higher spatial uncertainty).
In the first part of this study [20] , we have considered in detail the appropriate experimental strategies for dealing with some of the methodological problems that arise when examining young children with ASP. Here, we report the results of a large-scale project aimed at determining normative values for the visual sensitivity threshold in children aged 5 -8 years, using ASP. By analyzing the results in terms of response biases related to reliability, endurance, vigilance, and attentional focus, we also attempted to assess the extent to which psychomotor and cognitive factors are responsible for the development of sensitivity thresholds. To our knowledge, this is the first time that such a large-scale normative study has been carried out in young children.
Material, subjects and method

Subjects, testing position, and material
Subjects were 118 normal children (59 females) aged 5-8 years, attending one of the four elementary schools selected for the study. They were recruited according to the same criteria mentioned in Part I [20] . The number of children in each age group was: 30 aged 5 years, 26 aged 6 years, 26 aged 7 years, and 36 aged 8 years. In addition, 17 normal adults (9 females) aged 24-30 years (mean age=26.18) were tested to provide comparative adult values.
The material, and the testing conditions used to optimize the child's postural stability, were the same as in Part I.
Testing procedure
In all subjects, the right eye was selected for examination and the task was presented to the child as a tale. The testing was divided into two sessions, one week apart. The first session was devoted to the familiarization and training phases, which has been designed and validated previously (Table 1 ; for more details, see Ref. [20] ).
The second session was devoted to the quantitative examination phase. First, phases 3 and 4 of the familiarization stage were repeated, to evaluate the child's reliability and fixation stability. Testing was stopped if the child was unable to fulfill these criteria. When no more than three (25%) false-positive responses were made, and no ocular movement occurred during at least five consecutive stimuli presentations, visual sensitivity thresholds were estimated at points located in the central 30°according to the Octopus program 32 (a grid pattern similar to the Humphrey program 30-2). The bracketing procedure employed was the normal strategy [24] . The procedure was adapted to the limited capability of children to remain task-focussed, using custom-designed software and adopting a quantitative examination schedule divided into three phases (Fig. 1) . In phase 1 we tested 24 locations, 20 of which were along the horizontal and vertical meridians, and four on the 45-225°and 135 -315°meridians. In phase 2 we tested 16 additional locations along the horizontal and vertical meridians, and in phase 3 we tested the 36 remaining locations. 10% of false-positive trials and 10% of false-negative trials (instead of the usual 5%) were randomly interspersed with the sequence of normal trials. To shorten the procedure as much as possible, each location was evaluated only once.
The examination was stopped if the child so wished, or when signs of fatigue occurred (cf. [20] ). The average overall duration of the test was about half an hour.
Results
The test could not be performed in nine of the 118 children (five 5 year-olds, three 6-year-olds and one 7-year-old). Two children refused to participate at the last moment, five children did not meet the reliability and fixation stability criteria, and two children could not be tested because of technical problems.
As expected, endurance improved with age. All of the 109 children we tested completed the first phase of quantitative examination (24 tested locations); 4% of 5-year-olds, 57% of 6-year-olds, 68% of 7-year-olds, and 83% of 8-year-olds completed the first two phases (40 tested locations); 9% of 6-year-olds, 32% of 7-yearolds, and 64% of 8-year-olds completed the whole procedure (76 tested locations). 
False-positi6e and false-negati6e rates
Normati6e 6alues
By adopting the criterion used for adults [30] , we excluded six children whose false-positive response rate exceeded 20%. With the exception of the results for the second phase for the 5-year-old child and the results of the third phase for the two 6-year-old children who were able to perform it, data were processed separately according to age and phase. Table 2 shows the distribution of subjects included in the calculation of normative values.
Figs. 3 and 4 show the average and standard deviations of the thresholds as a function of age, for each of the 76 points of the grid pattern of the Octopus program 32.
Data from phase 1 (N= 120) provided evidence of developmental changes in sensitivity (F(4;115)= 11.79; PB 0.001). Polynomial contrast analysis indicated that The visual field was then divided into three non-overlapping regions: (1) the center (within 3°of the fovea); (2) the pericenter (between 3 and 18°); and (3) Significant differences between the central and pericentral regions were observed in all five age groups (for all t, P B 0.001). Differences between pericentral and peripheral locations were statistically significant only in children (for all comparisons: PB 0.05).
Comparing children and adults
Mean sensitivity in children aged 5 and 6 years was significantly lower than in young adults (at 5 years: t= 6.06; PB0.001; at 6 years: t =3.68; PB 0.001). Mean sensitivity in 7-and 8-year-old children was not different from that in young adults (at 7 years: t = 1.92; P\ 0.05; at 8 years: t =1.74; P\0.05). Univariate post-hoc comparisons were made at all locations, applying the Bonferroni Correction for the P values. For the 5-year-olds, 18 of the 24 tested points had a significantly higher threshold than in adults (see bold characters and asterisk in Fig. 3 ). Only six of the 40 points tested, located mainly at the periphery of the visual field, differed between 6-year-olds and adults. Compared to adult values, the sensitivity threshold in 7-and 8-year-olds increased significantly only in the upper extremity of the field.
As test locations were measured only once, withinsubject threshold variability was estimated by a descriptive index (l) similar to the short-term fluctuation index (RMS). The index is defined as follows. For each age group, let t ij be the threshold value measured at location i for subject j, t( j be the mean threshold over all locations for subject j, p be the number of locations tested, and n be the number of subjects. Then the quantity provides an estimate (~i j ) of the threshold expected at location i for subject j:~i j = t( j + 1/n n j = 1 (t ij − t( j ). Finally, the l index for subject j was defined as the mean squared difference over all locations between the expected and actual threshold values:
. Within-subject threshold variability decreased significantly (F(4;115)=4.92; PB 0.001), from 4.51 at 5 years to 3.57 at 8 years, and to 3.26 for adults. A polynomial contrast analysis revealed a significant linear trend in the relationship between variability and age (t= −3.99; PB 0.001). For the two youngest groups of children, there was a significant correlation between the index l and the rate of false-negative responses (at 5 years: r= 0.60; PB 0.01, and at 6 years: r= 0.68; PB 0.001).
Discussion
Using a large sample of children aged 5-8 years, we found differences in sensitivity between adults and children over the central 30°of the visual field only for the youngest age groups (5-and 6-year-olds). One of the most controversial points concerning the use of ASP in young children is interpretation of sensitivity changes as a function of age. Specifically, the adequacy of this method of screening depends critically on the reliability with which these age-related changes may be ascribed to physiological factors. As mentioned in the Introduction, the main non-physiological factors that may obscure the significance of the results are (1) the consistency of the response strategy; (2) the level of vigilance; and (3) the flexibility with which attentional resources can be allocated across the visual field. As for the first factor, we noted that false-positive responses, although more frequent in children than in adults, were still relatively rare, even in children as young as 5 years. Moreover, the false-positive response rate did not change significantly with age. Thus we believe that the children in our study represented a reliable sample.
It is more difficult to estimate the extent to which the drop in sensitivity at 5 and 6 years of age reflects the well-documented tendency of young children to lower their level of vigilance in the course of a test [31, 32] . Considering the higher false-negative rates in 5-and 6-year-olds, and the fact that such high rates correlated with high values of the within subject variability index l, our results demonstrated the difficulty of young children in remaining task-focussed. Reduced vigilance has a direct effect on threshold estimation. In adults Lee et al. [13] estimated a mean sensitivity decrease of 1.2 dB for every 10% of false-negative responses. Thus, the true physiological sensitivity of the retina is likely to be underestimated in young children by an amount that is correlated with the false-negative response rate.
Finally, the fact that the development of visual sensitivity, reported here, closely parallels the change with age of the attentional field should lead one to consider how the allocation of attentional resources may affect threshold estimates. Using a letter-localization task under tachistoscopic conditions [33] , the 'useful field of view' (i.e. the size of the attentional field) at 7 years of age was found to be comparable to that of adults. Similar conclusions were reached using a procedure for identifying a specific shape embedded in distracters, displayed in a circle around a central fixation point [34] . However, although capable of allocating visual attention selectively to the peripheral visual field, 5-year-old children exhibit a drop in both flexibility and effectiveness [34, 35] .
These results are relevant here since, even in adults, strict fixation on a central target is likely to favor the neglect of peripheral events, by a sort of 'cognitive tunnel vision' [36] . It is even more likely that focussing attention on the central fixation point may induce a similar neglect in young children. A study is underway to investigate this issue in a more controlled way. However, we can already seriously consider the possibility that lack of sufficient flexibility in young children in allocating attention may partly be responsible for an artifactual increase in the sensitivity threshold.
In conclusion, we consider that, for 7-and 8-year-old children, our results provide reliable normative values for light sensitivity across the visual field. Since differences in sensitivity may exist between eyes, these results should only be used for clinical assessment when comparing measurements in the same (right) eye that we tested. In contrast, in the case of 5-and 6-year-old children, the response rate for false-negative trials and values of the within-subject variability indexes lead us to believe that our thresholds are inflated by non-physiological factors, whose impact cannot be ascertained quantitatively. The data reported here should therefore be considered as an approximation of the upper level of the thresholds.
